The purpose of this investigation was to evaluate the postactivation potentiation (PAP) effects of both dynamic and isometric maximum voluntary contractions (MVCs) on sprint and jump performance and establish whether PAP methods could be used effectively in warm up protocols for soccer players. Twelve male soccer players performed 4 warm up protocols in a cross over, randomised and counterbalanced design. In addition to a control warm up, subjects performed dead lift (5 repetitions at 5RM), tuck jump (5 repetitions) and isometric MVC knee extensions (3 repetitions for 3 seconds)
INTRODUCTION
Speed, strength and power are all determinants of athletic performance and their optimisation in training or competition can be enhanced through an appropriate warm up. A warm up is undertaken prior to any athletic event with the majority of effects being attributed to temperature related mechanisms (3) .
However a mechanism currently receiving increased research attention is postactivation potentiation (2) . Postactivation potentiation (PAP) is defined as an increase in muscle twitch and low frequency tetanic force after a previous conditioning contractile activity (20) . Evidence suggests that PAP may enhance the ability of muscle to produce more force at a faster rate following previous muscle contractions. Over the past decade research has focussed on the effects of PAP on athletic performance using dynamic movements (1, 8, 13, 16, 21, 24 ) and isometric maximum voluntary contractions (6, 7, 9) .
Although both dynamic movements and isometric maximum voluntary contractions (MVCs) have been used to elicit a PAP response, a number of exercises and protocols have been utilised. The majority of research on dynamic exercise in the lower body has used the squat exercise (2, 13, 16, 24) with the number of repetitions, intensities and rest periods varying amongst studies. Plyometric exercises have been used by Hilfiker et al. (10) and Masamoto et al. (15) in the form of drop jumps and double-legged tuck jumps, with a number of studies using isometric MVC leg extensions (6, 7) to elicit a PAP effect. Therefore the wide variety of methods used to enhance PAP highlights the uncertainty of the most effective protocol to elicit a PAP response (16) and few studies have been undertaken that compare different methods of eliciting PAP.
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The majority of research in the lower body has tested PAP using the vertical jump test (8, 12, 13, 21, 24 ) with other studies using the horizontal jump (21) and knee extension performance (7) . To date, only two studies found (4, 16) have examined the effects of PAP on sprint performance.
Significant improvements in sprint performance were found at 40m following 3 repetitions at 90% 1RM of heavy loaded squats (16) and at 10 and 30m following 10 single repetitions at 90% 1RM of the back squat (4) . These studies provide evidence that PAP has a beneficial effect on sprint performance, however further research is required to support these findings.
Although research on sprint performance is limited, the results obtained from previous studies on jump performance are contradictory. Young, Jenner and Griffiths (24) and Gourgoulis et al. (8) showed significant improvement in vertical jump performance while Jensen and Ebben (12), Jones and Lees (13) and Scott and Docherty (21) found no improvement. Gourgoulis et al. (8) examined vertical jump performance following 5 sets of 2 repetitions at 20, 40, 60, 80 and 90% 1RM of the half squat exercise and found a 2.39% increase in jump height. An increase of 2.8% in loaded countermovement jump performance also occurred in the study of Young, Jenner and Griffiths (24) following a set of 5 half squats at 5RM. Jensen and Ebben (12) found a decrease in ground reaction force for countermovement jumps after a set of squats at 5RM with the jump at 10 seconds being significantly lower than the pre jump score. A decrease in countermovement and drop jump height also occurred in 8 males following a set of squats at 5RM at different rest periods (13) . Scott and Docherty (21) showed no significant difference in mean and maximal vertical and horizontal jumps following a 5RM back squat. These 
METHODS

Approach to the Problem
A repeated measures, cross over, randomised design involving 4 treatments (control, weight exercise, plyometric exercise and isometric MVCs) was used to evaluate the effects of PAP on sprint and jump performance and compare different methods of eliciting a PAP response. Sprint times were measured at Postactivation Potentiation, Sprint and Jump Performance 8 10 and 20m and jump performance was assessed using a standard countermovement vertical jump test (22) . The effect of strength on response to PAP treatment was also evaluated alongside the individual responses of each participant.
Subjects
Twelve full time professional male academy soccer players (age, 18.3±0.72 years; stature, 176.72±5.03 cm; body mass 72.1±8.0 kg) participated in the study. All subjects had at least 12 months weight training experience (mean 25.7±6.9 months) with all players introduced to weight training at the club.
Players were in the soccer season when the testing was conducted and competed once a week with resistance training undertaken twice a week. All participants were familiar with the exercises used as they were part of their training programme and were also familiar with the 20m sprint and vertical jump tests as these were part of their regular fitness testing battery.
Institutional ethics approval was obtained and all subjects gave written informed consent before participating in any of the testing.
Procedures
Subjects performed 4 testing sessions over a 4 week period in a cross over, randomised and counterbalanced order involving the three potentiation protocols (weight exercise, plyometric exercise, MVCs) and the control protocol. The participants performed the testing at the same time of day in an indoor environment with participants instructed not to perform any training the day prior to testing. Players consumed their normal diet throughout the study but did not drink any caffeinated beverages in the 3 hours prior to testing. This was controlled through the academy, where players are fed at regular times Postactivation Potentiation, Sprint and Jump Performance 9 throughout the day. Prior to any testing participants underwent both a strength test to determine their 5RM for the weight exercise and a familiarisation session on the isokinetic dynamometer. 
Statistical Analyses
For statistical calculations, the mean of the 3 sprints and jumps was used.
Intraclass correlation coefficients were calculated for the 3 repetitions of sprints and jumps for the control condition using an excel spreadsheet by and a vertical jump score greater than 100% represent an improved performance). Additional comparisons were also made between the strongest and weakest subjects based on their 5RM deadlift in relation to their body weight. The strongest subjects were those above the average 5RM dead lift in relation to body weight with the weakest group being those whose value was below the average. However, there were no significant differences between any of the PAP conditions each assessment. ***Insert Figure 3 here*** Table 3 shows the results for each test when comparing the 6 strongest (72.5±8.22kg) and 6 weakest subjects (62.5±8.80kg) based on their 5RM deadlift. The table illustrates that the strongest group performed better in all tests except for the 10m sprint and vertical jump following the MVC protocol.
RESULTS
First Sprint and Jump Performance Post PAP
Effect of Strength Levels
However, there were no significant differences between the strongest and weakest groups in response to the PAP protocols each assessment ***Insert Table 1 here*** Figure 4 shows the mean change in performance of the responders and non responders for each PAP protocol and assessment. to the current study, with jump performance significantly improving by 1.5%, 2.8% and 2.39% respectively. A number of studies (12, 13, 14, 21) all found similar results to this study with no significant improvement found in jump performance, however these studies did use a variety of vertical, broad and drop jumps to measure PAP following a set of squats with different rest periods, volumes and intensities of weight exercise and experience of subjects used compared to the current study. A possible reason why no significant improvement in vertical jump occurred in this study is that the test was performed 7 minutes after the PAP treatment. Sale (20) stated that the longer the recovery between the end of the conditioning activity and beginning of performance, the greater the recovery from fatigue but also the greater decay of the PAP mechanism. The 7 minutes recovery may be too long for PAP to still be evident, with the sprints also causing a greater fatigue than passive or low intensity exercise. However, as performance was slightly improved following the dead lift and tuck jump protocols it may be that some PAP was still induced. To find a significant enhancement in vertical jump it may have been more appropriate to use a separate testing session from the sprints with a 4 minute recovery period. Other individual factors alongside strength may influence the response to a previous contractile activity and Gullich and Schmidtbleicher (9) concluded that PAP response varied greatly between individuals, which was apparent in the current study. Performance changes varied between participants, PAP protocol and assessment with performance changes ranging from -7.1% to 8.2% compared to the control protocol. These results suggest that an interindividual variability does exist in response to PAP with a number of variables including training age, training status, chronological age, genetics (muscle fibre type), gender and strength levels effecting response to PAP (19) 
Individual Responses
PRACTICAL APPLICATIONS
Although this study failed to show any significant PAP effect on group sprint and jump performance from previous research and the small but nonsignificant improvements that occurred in this study, it may be possible to enhance individual performance using PAP methods in a warm up protocol. 
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